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(57) Abstract 

Vitronectin, an adhesion protein, acts as a growth mhibttory modulator of vascular smooth muscle cell proliferation, a 
phenomenon which is known to cause atherosclerosis. The invention provides a method of minbtting smooth muscle cell prolifer- 
ation comprising administration of vitronectin, as well as vitronectin for such use and pharmaceutical compositions containing 
vitronectin. Preferably, the vitronectin is the extended form thereof. 
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INHIBITION OF SMOOTH MUSCLE CELL PROLIFERATION BY VITRONECTIN 

BACKGROUND OF THE INVENTION 

This invention relates to the inhibition of 
smooth muscle cell proliferation and particularly to 
substances and compositions for use therein. 

Background literature material, the disclosures 
of which are incorporated herein by reference, are 
referred to herein by parenthetical numerical citation 
in the text to the appended bibliography. 

The hardening of human arteries caused by rapid 
and uncontrolled division of smooth muscle cells 
(hereinafter SMC) in the middle to outer- arterial layers 
( "atherosclerosis" ) is a well recognised phenomenon and 
leads to narrowing of the arteries and increased chances 
of blood clot formation. This effect is a major cause of 
myocardial infarction in coronary patients and can for 
example lead also to gangrene in the case of lower 
limbs. 

The association between atherosclerosis and 
growth factor-induced proliferation of vascular smooth 
muscle cells has prompted research towards the 
identification of negative modulators that may regulate 
normal SMC growth in vivo. Vascular SMC in culture are 
highly responsive to the cheap ta ctic and mitogenic 
properties of platelet-derived growth factor (PDOT) 
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it is believed that: the paracrine and autocrine activity 
of this factor ear play a major role in SMC migration 
from the media into the intima end in intimal SMC 
proliferation in atheroma development [3,4]. 

Recent studies [8] have shown that in 
atherosclerotic lesions there occurs deposition of a 
particular adhesion protein, namely vitronectin. 

Vitronectin is one example of a so-called 
adhesion protein. It is a multifunctional glycoprotein 
present in blood and in various body tissues and plays a 
major role in cellular adhesion, immune defense 
mechanisms and heamostasis [1]. Vitronectin is involved 
particularly in focal adhesion and cell spreading, 
processes which are essential for wound healing and 
cellular movement [5,6,7]. 

Vi trone ctin shares the unique recognition 
sequence Arg-Gly-Asp (ROD) with the group of substrate 
adhesion proteins such as fibrinogen, fibronectin, van 
Willebrand factor and laminin. A common characteristic 
in binding of these proteins to cell surfaces is via the 
integrlna [2], a family of heterodimeric membrane 
receptors which enable cells to anchor, migrate and make 
contact with other cells or extracellular matrix 
components, processes which are important for cell 
growth and tissue Integrity. 

As a result of in vitro studies to assess whether 
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vitronectin may affect SMC growth, we have now 



discovered that vitronectin acts as a growth inhibitory 



modulator of vascular smooth muscle cell proliferation. 

This inhibitory effect of vitronectin extends 
also to the proliferation of 3T3-fibroblast cells. 

The b in d in g and effect of vitronectin on the 



characterised. In particular, the antagonistic effects 
of vitronectin on cell proliferation induced by a 
variety of known growth factors, notably that contained 
in 2% Fetal Calf Serum (FCS) and also PDGF and insulin- 
like growth factor (IGF-I), have been identified. 

SUMMARY OF THE INVENTION 

Accordingly, in one aspect the present invention 
provides a method of inhibiting smooth muscle cell 
proliferation, especially vascular smooth muscle cell 
proliferation, comprising administration of an effective 
amount of vitronectin. 

In another aspect, the invention provides 
vitronectin for use as an antiproliferative agent. 

The invention also provides pharmaceutical 
compositions comprising vitronectin together with a 
pharmaceutical^ acceptable diluent and/or carrier. 

As described and discussed more fully 
hereinbelow, vitronectin may exist in either a folded 



response of SMC to PDGF and other mitogens have been 
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( "native" - as present circulating in plasma) or an 
unfolded ("extended 1 *) conformation. For use in the 
present invention, the "extended" form is especially 
preferred, because of its superior antiproliferative 
activity. 

When administering vitronectin as an 
antiproliferative agent in accordance with the 
invention, therefore, it will usually be the extended 
form which is supplied. 

In accordance with this preferred aspect of the 
invention, the extended form of vi tron ectin is 
preferably multimeric, e.g. greater than the dimer and 
more preferably greater than the tetramer. This feature 
is preferred because of the superior antiproliferative 
activity of the higher molecular weight sp&cles. 

However, because vitronectin in its native form 
Is naturally present In the body, it is within the scope 
of the present invention to generate the extended form 
of vitronectin in situ by the action of a suitable agent 
which affects the equilibrium of the multimeric 
vitronectin species, for example proteoglycans, 
glycosamlnoglycans and similarly acting agents and/or 
agents which are generated upon activation of the 
coagulation/ fibrinolysis cascade. 

Accordingly, in a further aspect of the present 
invention there is provided a method of inhibiting 
smooth muscle cell proliferation, comprising generating 
the extended form of vi tron ectin in situ by 
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administration of an agent which converts native 
vitronectin to its extended form. 

Within the scope of this invention, the known 
vitronectin structure may vary by substitution, deletion 
or addition at one or more amino acid residues, so long 
as it retains essentially the same biological activity. 

Vitronectin for use in accordance with the 
invention may be provided in any suitable form 
appropriate to the protocol of administration and/or the 
needs of a patient. 

Particularly preferred is a composition 
comprising vitronectin together with one or more 
pharmaceutical^ acceptable carriers and/or diluents. 
Suitable carriers /diluents are well known in the art* and 
include saline or other sterile aqueous media, 
optionally i n cludi n g additional components such as 
buffer salts and preservatives. 

Alternatively, vitronectin for administration, 
together with or without pharmaceutical^ acceptable 
adjuncts as mentioned above, may be provided in 
lyophillsed or freeze dried solid forms. 

Administration may be via any suitable protocol. 
Preferably, administration is by intravenous injection 
or infusion, and may be systemic or topical. 

In accordance with the present invention, 
administration of vitronectin as an antiproliferative 
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agent is in such an amount: as to give the desired 
effective result of inhibiting SMC proliferation at the 
intended site. Thus, a quantity which constitutes an 
"effective" amount may depend upon various parameters, 
such as body weight of the patient, degree of i nh ibition 
required, intended site of activity, all of which will 
be well understood and appreciated by persons skilled in 
the art. 

Generally, an amount of vitronectin will be 
administered which gives a concentration in plasma of 
from about 1 to about 100 mg ml* 1 , more preferably from 
about 1 to about 10 mg ml- 1 . 

In a further aspect the present invention 
provides vitronectin for use in kits and assays, as well 
as such kits and assays, for example for screening 
individuals for those with a high risk of 
atherosclerosis, this may be achieved for example by 
exploiting the l a fa tfa it ary effect of vitronectin on FDGF- 
indnced SMC proliferation -and observing the antagonistic 
effect of blood components, e.g. fibrinogen, on the 
degree of cell proliferation inhibition by vitro nectin . 
(Such blood components bind vitronectin, thereby 4 
preventing it from performing its inhibitory function. ) 

A further example of the use of the present 
invention as a diagnostic tool is in the in vitro 
testing for whether a patient will react to 
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antiproliferative treatment with vitronectin. 

The various aspects of the present invention will 
be further described by and better understood from the 
following detailed description, taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la illustrates the inhibitory effect of 
vitronectin on vascular SMC proliferation induced by 
various growth factors; 

Figure lb illustrates the anti-mi togenic effect 
of vitronectin on PDGF- stimulated SMC when pre-added and 
post-added at various times; 

Figure 1c illustrates the differences in SMC 
antiproliferative activity of the native and extended 
forms of vitronectin; 

Figure 2a shows the dose-response profile of 
vitronectin on PDGF- induced DNA synthesis; 

Figure 2b shows the electrophoresis profiles of 
native and extended vitronectin in the presence or 
absence of SDS; 

Figure 2c is a plot of total binding of 
radioisotope- labelled vitronectin (native and extended 
forms) to SMC monolayers; 

Figure 2d illustrates the inhibition of binding 
of radioisotope- labelled vitronectin (extended form) to 
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SMC in suspension by various peptides; 

Figure 3a illustrates vitronectin inhibition of 
PDGF- induced DNA synthesis in human vascular SMC; 

Figure 3b shows a Northern blot illustrating the 
absence of vitronectin inhibition of PDGF-induced mRNA 
expression of the c-fos proto-oncogene. 

DETAILED DESCRIPTION OF THE INVENTION 

in relation to Figures 1(a), 1(b) and 1(c), the 
following experimental procedures were used. 
Experimental No. 1 

Vascular SMC were isolated from sections of 
aortic or vein tissue removed during surgery and 
transferred into DMEM supplemented with 100 IU ml* 1 
penicillin, lOOug ml* 1 streptomycin sulphate, 100 ug 
ml- 1 neomycin and 2.5 ug ml* 1 fungizone (Gibco). 
Dissected medial tissue was finely minced, rinsed and 
digested under constant agitation (18-20 h, 37*C) in 
DMEM 15 mM Hepes (Flow), 10% FCS with 0.1% collagenase 
Type II (Worthington) and 0.05% elaatase Type I (Sigma). 
Cells were cultured in L-glutamine supplemented DMEM/ 
Hepes, 20% FCS plus antibiotics at 37 *C in 10% CO, 
humidified incubators. FCS was reduced to 10% after the 
second passage. Cells grown to confluency were 
dissociated with 0.05% trypsin/0.02% EDTA and 
subcultured at a split ratio of 1:3. Experiments were 
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carried out between passage 2-8 with cells characterized 
as SMC by their morphology and SMC specific «-actin 
antigen expression. For DNA synthesis assays SMC were 
plated in 96-well plates at lxlO 4 cells/well in 
DMEM/Hepes supplemented with 10% FCS and antibiotics. 72 
h later , cells were growth-arrested for 48 h by reducing 
FCS to 0.5%. Induction of DNA synthesis by growth 
activators was subsequently measured 24 h later (32 h 
for thrombin) in serum- free DMEM/Hepes by pulse 
labelling with 1 jiCi [ 3 H] thymidine (Amersham) 6h prior 
to harvesting cells on a Brandel cell harvester using 
GF/B (Whatman) filters. Thrombin- spec! f ic activity was 
3,000 U ml- 1 . The extended form of human vitronectin was 
obtained after extensive dialysis of 6 M urea-treated 
, -native" vitronectin [12]. Unless indicated otherwise 
cells were treated with vitronectin for 1 h prior to 
^mitogen addition. 

As shown in Figure la, treatment of growth- 
arrested, confluent human vascular SMC with O.lpM human 
vitronectin inhibited DMA synthesis induced by various 
growth factors, namely: foetal calf serum (FCS) 2%; 
transforming growth factor -beta (TQFyS) 10 ng ml* 1 ; 
PDOF-BB 10 ng ml- 1 ; basic fibroblast growth factor 
(bFGF) 10 ng ml' 1 (all from Bachem); or tf- thrombin 5.0 U 
ml' 1 (from Sigma). represents in the absence of 

vitronectin; represents in the presence thereof. 
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This inhibition occurred at a concentration of 
vitr o nectin (0*1 pM) well below the physiological range 
(3-6 ]M; 0.25-0.45 mg/ml of plasma) in circulation, and 
was greater than 50% (see the Figure for the exact 
percentage inhibition with respect to each growth 
factor) for all the mitogens tested. Similar results 
were obtained with aortic SMC. Vitronectin on its own 
had no effect on basal DNA synthesis. 

Figure 1(b) illustrates SMC stimulation with 10 
ng ml" 1 PDGF-BB in serum- free medium in the presence of 
0.1 pM vitronectin (VN) added at the indicated times 
before ( pre- addition ) or after (post-addition) PDGF. The 
arrow indicates addition of PDGF and vitronectin 
simultaneously . 

The anti-mi togenic response was observed only if 
vitronectin was added to the cells before or together 
with the growth factor, but not after the cells had been 
activated by the mitogen, suggesting a close association 
between mitogen- induced intracellular signal 
transduction and regulation of the cellular mechanisms 
involved In the antl-mltogenic response to vitronectin. 

In sparsely plated, quiescent SMC, it was also 
found that vi tron ectin had no affect an mitogen- 
induction of DMA synthesis. This indicates that the ^ 
response to vitronectin may depend on the differential 
expression of vitronectin receptor(s) and/or of other 
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cellular components s) with cell growth. 

Figure 1(c) illustrates the results of SMC 
incubation in serum- free medium (A) or stimulation with 
10 ng ml' 1 PDGF-BB (B) in the presence of 0.1 pM 
"extended" vitronectin (C) or 0.1 pM "native" 
vitronectin (D). Values represent the mean + SEM (n-4) 
of one of four representative experiments. 

Although the concentration of native (i.e. 
folded) vitronectin in serum is high, serum-v l t ro nec fti n 
is not anti-mitogenic suggesting that it is in an 
inactive state or associated with other serum components 
that may neutralize its anti-mitogenic activity. Only 
the extended (i.e. unfolded) form of vitronectin which 
is considered to be similar to that generated upon 
activation of the coagulation/f ibrinolysis cascade or to 
that associated with extracellular matrix (ECM) 
components [9,10], appeared to have the preferential 
conformational state required for the transmission of 
this inhibitory effect. Purified human "native" 
vitronectin which is believed to be in the folded 
conformation [11] and constitutes the major form present 
in plasma [1], was considerably less active. 

The epaclflclty of the growth- inhibitory effect 
of vitronectin was confirmed by the attenuation of its 
activity in the presence of an anti-vitronectin antibody 
[12). The results are shown in Table 1 below. Further, 
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of this effect via RGD-dependent 
interaction, with receptor(s) on the cell surface was 
indicated in the inhibition by the cyclic RGD (cRGD)- 
peptide which specifically recognizes the vitronectin 
integrin receptor C13] 




DHA synthesis 

Condition [jHlthvmidine incorporation (dpm) 

180 + 15 

No addition — 

, , . 1200 + 100 

PDGF-BB ( 10 ng ml" 1 ) - 

PDGF-BB + VN (0.1 pM) 420 — 3 ° 

PDGF-BB + VN + CRGD (2 pM) 780 ± 38 

PDGF-BB + VN + VN antibody (1/10,000) 982 ± 45 



*SMC were stimulated with PDGF-BB in the presence of 
vitronectin (VN) and either the cyclic GPenGRGDSPCA 
peptide [13] (cRGD) or a vitronectin specific polyclonal 
antibody [12]. DNA synthesis was measured as in Fig. 1. 
Neither the cRGD peptide nor the vitronectin antibody 
had an effect on basal or PDGF-induced [ 3 H] thymidine 
incorporation. Results are the mean ± SBM (n-5) of a 
single experiment representative of two others. 

The minimum concentration of cRGD that could be 
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used without causing the calls to detach within the time 
course required to measure DNA synthesis was 1.0 pM. It 
could not be evaluated , therefore, whether the cRGD 
peptide is exerting its antagonistic effect by acting as 
a competitive Inhibitor as in the case of cell adhesion 
to vitronectin ;t 13] . Alternatively, the growth 
inhibitory effect of vitronectin may be transmitted via 
secondary interactions through other domains in addition 
to the RGD site, the kinetics of which may differ* 

Such interactions that lead to a highly active 
vitronectin-integrin receptor association have been 
suggested recently from competition studies of 
[ l 2 5 1] vitronectin binding to purified integrln receptor 
(di w £ ) and may explain the partial inhibition by the 
cRGD peptide observed here [14]. 

Since none of the other adhesive proteins tested , 
including fibronectin, collagen or fibrinogen were able 
to inhibit PDGF- induced DNA synthesis in confluent, 
quiescent SMC, it would suggest that the anti-mi toganic 
activity of vitronectin is transmitted via rec e p to r(s) 
that recognize, in addition to the ROD site, specific 
regions of the vitronectin molecule such as the heparin 
binding domain. 

In relation to Figures 2(a) to 2(d), the 
following experimental procedures were used. 
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For the time course studies, human vein SMC 
plated in 48-well plates (3 * 10* cells per well) were 
growth arrested when confluent as in Fig. 1. After 
incubation with either form of [»• H vitronectin (1.0 x 
10> cpm ml-M in 175 ul serum-free DMEM medium/0.25% BSA 
for the time period indicated, cells were washed 3 times 
with DMEM/0.25% BSA, solubilized with IN NaOH and 
counted. For [ l2i I] vitronectin binding to cells in 
suspension, confluent, growth-arrested cells were 
trypsinized as in Fig. 1 and incubated (2.5 x 1* cells 
per vial) with I] vitronectin plus or minus 
competitor for 30 min. Binding was measured by 
filtration of cells on 3.0% BSA-presoaked filters as in 
Fig. 1. Values represent the mean ♦ SEM (n - 3) of one 
of three representative experiments. Both forms of 
vitronectin (native and extended) were radiolabelled and 
their specific activity (1.5-2.5 uCi ug" 1 ) determined 
according to methods described previously [28]. 

Figure 2(a) illustrates the dose-dependent 
inhibition of PDGF-BB-induced UNA synthesis in SMC by 
vitronectin. SMC were stimulated with 10 ng ml' 1 PDGF-BB 
in the presence of the indicated concentrations of 
vitronectin. PDGF- induced [ 5 H] thymidine uptake in the 
absence of vitronectin was 1000 ± 110 dpm. Vitronectin 
alone had no effect on basal DMA synthesis. 
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The dose-raaponse profile of vitronectin (0.1 nM- 
0.1 uM) wee biphasic, as shown in Figure 2(a). This 
Diphasic response may reflect concentration-dependent 
differences in the anti-mi togenic or adhesive properties 
of the conformational states of oligomeric species 
formed as a result of exposure of epitopes in the 
extended form of vitronectin in agrement with the 
conformational lability/flexihility of this molecule 
[15,16]. 

The presence of such non-covalently linked 
mul timers in the extended form was confirmed by the 
different electrophoresis profiles of native and 
extended vitronectin obtained under SDS conditions as 
compared to those in the absence of SDS. This is 
illustrated in Figure 2(b). 

In this experiment native (lanes 1 and 3) and 
extended (lanes 2 and 4) [ 12S I] vitronectin were 
electrophoresed in 8% polyacrylamide gels in the 
presence (left panel) or absence (right panel) of 0.1% 
SDS (sodium dodecyl sulphate). Bars indicate the 
position of protein standards (Mr x 10" » ). Arrows 
indicate the top of the separation gel. Samples (1 x 10» 
cpm) in 50 ul Tris -buffer saline, 0.2% BSA with or 
without 1.0% SDS were loaded on each lane. 

Figure 2(c) illustrates the time-dependent 
differential association of extended (e) and native (o) 
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[1**1] vitronectin 3.5-6.0 nM with SMC monolayers at 
37«C. While native C 1 2 * I] vitronectin did not demonstrate 
appreciable binding, extended (multimeric) 

vitronectin binding to cell surface receptors was 
considerably higher and appeared to reach steady state 
within 2 h. Since approximately 50% of extended 
[ 1 2 5 1 ] vitronectin binding to SMC monolayer was due to 
binding to ECM, the effects of cRGD and heparin on 
vitronectin binding to cell surf ace were assessed with 
cells in suspension. This is illustrated in Figure 2(d), 
which shows the inhibition of [ 12 5 I] vitronectin 
(extended form) (6.0 nM) binding to SMC in suspension at 
37-C in the absence (A) or presence (B) of 100-fold 
molar excess unlabelled vitronectin; 1 um cRGD (C) or 10 
pg ml- 1 unfractionated heparin (Sigma) (D). 

As Figure 2(d) shows, one hundred- fold excess of 
unlabelled vitronectin suppressed [ l 2 9 1] vitronectin 
b inding to SMC surface by more than 60%, indicating the 
specificity of the vitronectin-SMC interactions. 
Furthermore, C 1 1 5 1] vitronectin binding was suppressed by 
34% using the cRGD peptide (1 uM) or by 50% using 
unfractionated heparin (10 ug ml' 1 ), suggesting the 
involvement of both the ROT and heparin binding domains 
in the interactions of vitronectin with SMC cell surface 
receptors. In view of recent evidence on the role of 
heparan sulphate proteoglycans in the binding and 
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cellular responses 



to bFGF or TGF-/ [17,18], it will be* 



of interest to know whether the vitronectin effect is 
mediated via a similar dual receptor system involving a 
high-affinity RGD-dependent receptor and a low-affinity 
glycosaminoglycan-type binding site. 

Alternatively, the inhibition of 
[ 1 2 5 1 ] vitronectin binding by heparin may be due to 
heparin binding and changes in the vitronectin 
conformation and also the monomer-oligomer equilibrium 
which may effect the concentration of active vitronectin 
species. Our preliminary studies have shown that the two 
molecules may neutralize each other's anti -mitogen! c 
activity. 

The relationship between vitronectin and heparin 
may be of importance in the regulation of cell growth, 
especially since heparin has bean shown to inhibit 
mitogen and, in particular, PDGF- induced SMC 
proliferation [19,20]. 

As illustrated in Figures 3(a) and 3(b), 
vitronectin inhibits dose-dependent PDGF- induction of 
DKA synthesis in human vascular smooth muscle cells 
without affecting c-fos mRNA expression. Figure 3(a) 
shows the results of measurement of induction of DNA 
synthesis in SMC with increasing concentrations of PDGF- 
BB in serum-free medium in the absence (•) or presence 
(o) of 0.1 pM vitronectin as in Figure 1. The results 
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represent the mean ± SEM (n-4) of one of four 
representative experiments. Figure 3(b) shows a Northern 
blot of equal amounts (20 ug) of total cellular RNA 
hybridised with a 2 kb c-fos probe or 0.53 kb G6PD 
probe. Growth-arrested, confluent SMC preincubated (1 h) 
without (lanes 1 and 2) or with (lane 3) vitronectin 
(0.1 uM) in serum-free medium, were exposed for 30 min 
to 50 ng ml" 1 PDGF-BB prior to harvesting the cells for 
total RNA extraction. 

Vitronectin was able to inhibit DNA synthesis 
over a range of concentrations of PDGF-BB (0.1-100 ng 
ml" 1 ) , and at all concentrations the extent of 
inhibition did not vary (Fig. 3a). This effect was not 
due to binding and depletion of FDGF since vitronectin 
did not inhibit the induction of mRNA expression of the 
c-fos proto-oncogene by PDGF (Fig. 3b). These data also 
Indicate that vitronectin may inhibit growth by 
affecting morhiw^ °™° other than those involved in the 
expression of early biochemical events induced by growth 
factors. 

It has been shown recently that bi n d in g of 
plasminogen activator inhibitor-1 to vitronectin on ECM 
stabilizes its activity and prevents tissue or 
urokinase- type plasminogen activator from generating 
plasmin and subsequently matrix degradation [28] . 
Vitronectin, therefore, may prevent growth factor- 
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Induced medial -SMC proliferation either directly via 
lntegrln/proteoglycan receptor activation or Indirectly 
by preventing access of growth factors and champ- 
attractants to SMC as well as cell migration via 
inhibition of ECM degradation by proteases. Generation 
of the extended form of circulating vitro n ectin at sites 
of vascular injury upon activation of the 
coagulation/flbrinolysls cascade, may be of 
physiological significance to limit the early 
proliferative stages of atheroma development or in 
intimal hyperplasia, since both of these events involve 
vascular SMC migration and proliferation. 
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CLAIMS 

1. A method of inhibiting smooth muscle cell 
proliferation f comprising administration of an effective 
amount of vitronectin. 

2. A method according to claim 1, wherein the smooth 
muscle cells are vascular smooth muscle cells. 

3. A method according to claim 1 or claim 2, wherein 
the vitronectin is the extended form thereof. 

4. A method according to claim 3, wherein the 
extended form of vitronectin is multimeric. 

5. A method according to any one of claims 1 to 4, 
wherein the vi tron ectin is administered in an amount 
such as to give a concentration in plasma of from 1 to 
100 mg ml* 1 . 

6. A method according to claim 5, wherein the 
administration is in an amount such as to give a 
concentration in plasma of from 1 to 10 mg ml* 1 . 

7. A method according to any preceding claim, 
wherein the administration is by intravenous injection 
or infusion. 

8. A method of inhibiting smooth muscle cell 
proliferation, comprising generating vitronectin in its 
extended form in situ by administration of an agent 
which converts native vitronectin to its extended form. 

9. a method acco rd ing to claim 8 , wherein said agent 
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is selected from proteoglycans and glycosaminoglycana. 

10. vitronectin for use as an antiproliferative 
agent. 

11. Vitronectin according to claim 10 which is in its 
extended form. 

12. a pharmaceutical composition comprising 
vitronectin together with a pharmaceutical^ acceptable 
diluent and/or carrier. 

13. A pharmaceutical composition according to claim 
12, wherein the vitronectin is the extended form 
thereof. 

14. Use of vitronectin in the preparation of a 
medicament for inhibiting smooth muscle cell 
proliferation. 
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